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very closely aftcr a violent cyclone; but in summer the 
weakest depression may produce a thunderstorm. 

* * * * * 
14. It is soniewliat easy to forccust thundeistorms 

when the summer depressions appear over the southern 
regions of Frnnce; but it is much mort! difficult, d ie i i  t i  
depression, ovcr the Gulf of Gascony for csmiplc, sutl- 
denly disci pears. 

Althougi the pressure niay be higher to the north, e.  g., 
770 mm. at Dunkirk, 765 at Mans, 760 at 13i:writq thew 
is no cyclonic center. Under such circunistaiiccs thc 
“cloud sizcccssion ” aloiic. furnislws a basis €or a forecast. 
In fact, i t  is scarc~ly admissible t h n t  n drprcssion should 
a pear without a cloud accompaniment. If, in spitc of 
t { c barometric rise, tho cirrus, cirro-cuniulus, alto- 
cumulus appear in rrgiilnr succession, in the s~nic? dirw- 
tion froiu southcrly points iiorthwarcl, and in spite of 
easterly winds, tlicii it is infinitcly p ~ ~ b ~ b l e .  t1in.t the 
cirro-iiinibus will foI!or; t1imi in its tuni. Thwrforc, 
even after the drpressioii hos disappeared, CT-CW in thc 
case of a barometric rise (sl,i,ght to he sure), even in tlie 
ahsciice of the. ‘‘sc~ii:ill miic or of V-shaped isob~~rs, yrt 
the csisteiice of L ‘‘cloud suct:wsion!’ wcdil sufficc t-o 
foretell the tBuderstorni. ‘l’his cainu in the too- 
f ainous tliuutlerstorms of July 29, l S92, June 6, 1004, 
Julv 4, 1005, June 30, lOOS, etc!., all of which w m  chnrnc- 
terized by an estrnordinary vlol:~nct? in spit.t‘ of the 
absence of sensible t:lc.pressioiis and even in tlic face of 
high ressures with rising . pivssures. In fact tliesc 
esamJes justify ciiw in setting up t ~ i r  timis taliat t7;c 
intensity ?f ebac+ic p l i t~ , io tncncl  r w ) w s r s  wifh .  the .vis(. .f 
tha yrcsswa. A t.hiinclcist,cii.~~i occurring in the sumnier 
with t,he baronict.cr nhou t. X . 3  111111. will finuw inore 
ravaaes by rain, l i d ,  or 11gIitniiig t,liti.n if thct prrssurt? 
had h l e n  to 755 or thercrht~uts. 

15. [U] There is no o c c ~ s i ~ ~ i i  to introduce here hypo- 
the tic a1 phenomen a which, nioreciver, 11 i) not clniiions t.ra t.e 
anything: Such as the rapid descent of a sheet of air to 
the ground, or the preeipit,atioii of cirrus upon subjacent 
cuniulus. The most at3t,ent,ive observnt,ioii does not. 
reveal anv clisturhance CJf this nature. The cooling fre- 

uently observed after the t.lmnclerstorni is ofton due to 
%e c.1iange in the direction of the wincl. n cyclonic. plic- 
nomenon, and also t.0 t,ho sudden melt.ing of a yodlgious 
quantity of ice or snow cryst&. ‘I‘he consit eration of 
the vort.ical character of tho squl2.l C J ~ ~ W S  a w r y  siniple 
esplanntion of the baromc t,ric vnriations :in11 tiic fall in 
teniperature as well as of the increase in cloudiness. 

16. JVliile the depressions of Gascon>- and tlw sumiiier 
* ‘cloud successioii” of the south of E’mnce are t.Iw greatest, 
sources of t.liunderstoriiis for almost tlie whole of Eraiice, 
there is yet another wry rc?iiiarknble thundostorni forinn- 
tion, viz, t . 1 ~  arrir-nl of Saharan depressions upon the coast 
of Provence. ils sooil ~ L S  n cyclonic center persists in 
that region, wit.h cirrus and then cirro-cumulus from the 
SE. changing to E., WB have to expect thundcrstornis be- 
tween the SX. and NE. throughout France accompanying 
winds from the enst as well as from the 

* * * * * 
17. To sum up, all thunderstorm forecasts should ,be 

bascd u on a simult.aneous study of the barometric situa- 

baric map shoulcl lead to a forecast of the future pressure 
distribution, of tile forniation of depressions, and of squall 
zones for the next day. The study of the cloud succession 

tion anc P of the cloud successions. The study of tlie iso- 

ou h t  to show whether or not cirro-nimbus should develop 
an % also whether or not it will coincide with the depres- 
sion centers on the morrow. The clouds indicate, better 
than do tho depressions, the direction and s eed of to- 
inorrow’s espected thunderstorm. On the f ay  itself a 
stataim can cleterniinc this speed and direction only shortly 
before the arrival of the storiii. [E] The consideration 
of the scluall zone is insufihmt, for its trajectory is inde- 
terniinant while the t1iunderst.orm pursues a straight-line 
course, or a t  most a curve of very large radius, which 
neither t.he topography nor tidal movements nor even 
Clie manifold directions of the surface winds can deflect. 
Hail-fdls and p a t h  of destmction by tornadoes always 
mdce straight Zincs, which confirms these conclusions 
h s e d  on direct observutions. Successive tliunderstorms, 
~ v e n  though each orrupy the center of a slimhtly whirlin 
inorenlent ]inring v a r i n ~ s  wiiins in a11 $roc tions an 
wit,li tlie lower cloutls from nn opposi tc direction, never- 
thdess ndv:tnce in the direction iiidicat,ed 24 to.48 houn 
previously By the upper clouds.. 

The t.liunclci.storni, the cirm-n.j.?nl)ii.s, thus exist only in 
tho higher lweh, so that i t  is not possible to have any 
nieniis of iafluonciiig ci tlior their direction or their effect. 
And yet the thunderstorin is of very limited duration, at  
most i t  niny last 34 hours, generally a few hours suffice to 
esliaus t it. 

Pcrhaps t,he progressive dcsceiit of the upper clouds is 
a cause C J f  it.s destruction. One has thus ohserved esten- 
sivc t~hunderstonn clouds moving from S. to N. with 
lightning and thunder, dissipat.ing, dissolring, even dis- 
appearing. with more or less oherrable delay, under the 
action of very dry winds from the N. or NE. The thun- 
derstoriii cloud subsists in the soutlierly current, but very 
probably experiences an evaporation as it attains the 
nort,herly current. Tho thunderstorm ceases while the 
t.linndera torm cloud steadily fades away. 

d 

COmENTS BY DURAND-GRBVILLE. 

[The forepin% paper by 31. Guilb& called nut thz fnllowing com- 
iuenbv bp M. Duran~I-Gr~$i~ille.~ wh1-w &dies in thunder3torms, 
equnlh, and hzil have alreadv been nfhcerl here (1909. 37: 237439). 
Rdwenres are t , ~  the psw$:ca rnirkerl by cnrrespmding letters in 
M. Guilbert’s paper.--c. A., 1r.j 

In ri menioire. “On the f o r e c d n g  of thunderstorms,” 
p ldkhed  in t h  volume, M. Guilhert puts forward his 
own ic1c.l.s and rejcc.ts somr? of mine, which he hns H per- 
fect right to do: biit he ststes my views in such n sum- 
ni7r ’ nncl frc~gmont:q- mn~iiier th i t  tshe unwmied reider 
niig r i t  not untlerstml ex:ict.l-y wh.it I hold in thi- connec- 
tion. The prment note dcsi less to present n funda- 

sent our precise opinion concerning certain of the points 
that he cliscus~es. 

nicntd discussion of our col fils c a p e ’ s  theory thin to pre- 

1. Guilbcrt says (A, p. 557): 
The wmnest days often fail tr, bring about any electric m~nifests- 

tion at 211, and the wermeot- rn3nth.r are t+xc most free from thunder- 
atarmq, as we h w e  slixvn. The npm? local thunderstorm” would 
appear to be amre carrect (thzn thzt of heat thunderstorm). 

Dura.nd-Grkzrille.-The thunderstorm is an electric 
disruptive dischwge between the neg itive electricity of 
the earths surface and the positive electricity of the 
cirrus rpgion. The d i s c h q e  does not take placo unlesj 
a sufficient commuiiicntioti is estiblished between the 
two levels. This commuiiicntioii is realized every time 

6 The directlon of the thunderstorm cloud, cirro-nimbus. is often indqwnileot of the 
trajectory of the cyclonic centers artd of the squallu, therefore also Independent of the 
WJfaCe H’bl&.-AUTItOR. 

20937-16-2 

~~~~ 

1 Ylse 3u oint de qnelque3 obje-tions 8. notre th6orie de3 grains et de la grele. A i o c  . 
franc. pour Pavance. d. s i . ,  Compte rendu, dim4 sw., NIrnes, 1912, Nota3 et Memolnr 
(Park, 1913). p. 2S6-201. 
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when, over a limited region of the surface which is being 
strongly heated by the siin and iii nn atmosphere suffi- 
ciently warm and humid, there clerelops a cumulus with 
very ’lofty summit, which serves n.s the in tennccliiuy 
communication, Within the tropics, m d  chiefly over 
islands, a.scending c.urrents of wnrni, humid air develop 
every day in the wnrniest of t.he :i.fteriiooii hours, hours 
when the thundcistorm buists with regdirity. IrIcii t8 
alone would iiot suffice to proiluce cuniulus: for this 
reason t,hnnderstoriiis ii,rc rerg rare in tlie very dry :!iid 
very w~ri i i  regions of the d o h > ,  even under the tropics. 
Thunclerst,oiiiis t h t  dercpo :~nd rcni::in in the smie 
place deserve the iinnie of L‘?ocal thmiclerstornis.” Oiio 
should call them “ hent i i d  1iuniidit.y thunderstorms ” 
in order to bring out the doiible cause for the foric:Ition 
of cumulus. But since our senses perceive 1iiiiiiiclit;v 
much less readily t1i:i.n heat, iti.rticul;lrlv when the :iir is 

“ heat thunderstorms. ’‘ 
warm, one has fallen into the It ubit of c&lg thein siniply 

4 .. /A’ 

FIG. l.--.\rrangement of winds in a squall, after Dur?.iid-Gr&illc. (Vertiral seclion. 
v 

Hen ts thmideistornw occur in temperate regioiis also 
but much more rtirely bec:!use dhere is mucli lees c1i:mcc~ 
of there realizing the coiiilitions fnvoniblt! for tleoeloping 
the estreniely hieh cuniulus. Nevert.hclcss, tlie thu:&r- 
storm niny rendily dcT-elop in t,eniper:>.te regions if the 
suniniits of the less 1ofty.ciiniulus (e. g. 5 t.0 6 h i . )  :we 
put in communication 11-1 th thr higher levck 19- 111cr11is 
of the descendiiig sheet of 2.ir of the equ:ill zoiie. [See 
fig. 1, A.] The t.liunder sclu:1U cliilures SO 101lg ils the 
squall wiiid coniplctes t,he conuiiunicn t.ion hetweei t t,he 
cirrus region t!nd t,he .round. 

cloud P ess thunder squall wit,li its tempest. of dust. Clrnr 
cut cstinip1r.s of this storm liarr hccii fouiicl 0111~- in 
,Qustralia, and it n-ciuld seem to spwixlly fnvor the prn- 
duction of ball lightning. 

After t,hese remarks it, remains to pciint. out, that in our 
climates the ininiense majority of t,liunwrat.oniis are those 
of the sc~uaU zone. To procluce a thunderstorin there 
must first of all IN. a I C J ~  CRUS(*: the iircselicp of large 
clouds preriously forniecl in a wmii, huniid at,mospiicrr 
by ascending currents. But if they tire to hc c~strt?n;el~ 
high these cumuli may cisist tliroughout the w-liolc. clay 
without bringing on the sliglitclst. t,liunclcrstoim. 111 
order to produce the latter tlicrc iiiust, h~ il clynmiic c’tnse, 
viz, the passage of a sc  u d l  zonc (gtwerdy r.omiiig froin 

between the two oppositely chargtwl ln\-r.rs. Squall zont~s 
may esist at, any hour of the dny. rt.acIy to furtfhmr t,lir 
product,ion of the tdmnderstorni. But onc can set’ that. 
their action woulcl be more efiec t,iw in the hours fnrorablt~ 
to the building of great cii~iuli, i. e.! during t,he warmest 
hours of the day. 

Ot8her t,hin s being equal. thunderstorms are most. 

year. This fac.t is demonstrated by the thiinderstorni 
statistics for dl count,ries wliere there are n. sufficirnt 
number of years of observations. If one coni iles the 

be as large as Frc.ncc, one might reach other apparent 
conclusions, which would disappear, perhaps, upon making 
a more profound examination. 

In assing may I)e 5 ert’ mentioiiec1 t,lic. r.streiiicIy rme 

a great clistancc?) whic !I i cst~ablislit~s the ~,oiiiiiiiinicnt.itiii 

numerous anc Q violent. during the w-armcst niont,lis of the 

data for (L singlr year in n single c.ouiit.ry, crzn t f iough it 

For example, in M. Dongier’s memoir “Lea orages en 1907” we find 
that the number of thunderstorms obeerved from November to March 
has its minimum in January (115), itR maximum in December (713); 
during t,he other sewn months i t  varirs from 2,166 (October) to 5,652 
(Mavi, with 4.4S9. 4.4G7, and -1.105 for Jiine, .Tidy. and Argnet. This 
result docs greatly (le >art froni the mean of the st,atietics. Evidently 
t.he nuniber corresponaing to the cold niontlis is much smaller thsn that 
for the warm months. (.)ne mav, however, ask whet,lier the predomi- 
nanct- of May is red. I t  is easy’to find the answer to the question. -4t 
the Legiiining of his stliily 11. Dnngicr olmn-es ths t.. t.liroughout~ the 
gwiter part of 1:rance. thc iiuinbcr of olwr\-ers is still too small to 
firnish a guaranty that thiinclerst.~ )rim have not slipped iinnoted 
throiqh the niephes of t.hP r6seau. He dors lwtter. hc. iiimtions the 
nnnies of 23 DCpart,ements where the gu:iranty of esactitndt. is sufficient. 
I have taken t.lie st.atist.ics for tlie ”3 DC wtmeuts and the result was, as 
vie anticipated, that August secured tke prq)onil~-ranc~ to the det.ri- 
ment of h p .  

Certniii regions, the mountainous oiws, form an escep- 
t.ioii to the rule. Corsica, for esmipli~! is richer in thun- 
derstmins in winter than in sunimer. The csplanntion 
of the fact would br easy: tlic heating of the rnount,nin 
flanks favoring the formation of cuinulus; but this would 
csrry us too far. Here it siifices to observe that, in our 
cwuntry as elsewhers, the wintcr thunderstorms are to be 
counted by hundreds, while the summer thunderstorms 
w e  in the tliousnnds. 

Each muy m&e the verification for himself. 

2. G‘wi.7.bevt says (B, p. 557): 
Accorcling t.o 11. l?~irancl-Gr~~ille himself. in the absence of cumulus, 

the s q r d  zoiics would not be able to prodiice t,he thunderstorm. 
Therefore the sqall can not wive for forecast.ing nonexictant thunder- 
Ytaurms. and far less for prrdicting the t.linnderstornis of to-morrow. 
Bcsides. the squall can not ham 1 i i w  tlinn an  ephemeral enistencr-. 
It would be rwh to conclude that Lrcawe present at onc point it. will 
pass over sonip oilier repinn after :I clet.erminec1 delay, and all the more 
t:o becmse its qerd is not known. 

D~ir~rrncZ-Gldzi77c.-Ol~ser~:1,t.ion prorcs that tlie squall 
zone by itself ( snw the alniostl uniqw Australian cme) 
can not produce thc thunderstorm. Obssrvation also 
shows no lcss clearly that a large cuiiiuliis, or even a 
cumulo-nimbus (i. e.. a cumulus rlraped with a aiushrooni 
head of cirrus, ot,lierwisr the ‘cirro-nimbus ” of M. Guil- 
bert) ~--disrrgarding the, for us. wry  rare case where its 
summit is loft,!- eiioupli t.o n.lniost, nbt.aiii the re ion of the 

iiot. bcconw the sent of tlisrii 1t.iw cli.ct,ric mmifest,ations 

ti squ:~,lI zoiic. which likewisc produces at  the same instant 
the ’sqiiJ1 liook ” in the harogrnni. shall 1ia.m brought 
t h  smiiniii. of t.hc cumulus i1it.o elect.ric comniunicadion 
with thc posibirc.ly chnrgecl rcoion nI t,he cirrus. 

11s for tlic forccnstmg, it! ta%w on two dift’ereiit forms, 
rtotrording bo tlic ni:uinv in which tho esiatence of t.he 
squnll zoiic is recrpiizcd. Wien the zone is still over the 
At.lant,io, ns rere;iletl I.)y t,he pat,t,crn of t.he isobars, its 
nrrjvnl over the coiit.iiicnt ni:i..y be predicted mri th n degree 
of probnbi1it.y c urd t.o t.1iiLt. of thc! arrivd of the depres- 

of proL~!bilit.~- oiic+ m:iy fort!caut. the tlevolopment of squall 
w-iiids :It UU t.liose oi1it.s on the coiit,iii.ent which will be 
sn-c!pt hy t.ht? syual zone :IS i t  ninrches nrilllel witmh itself 
froni west to cast,. One ought, to aclc t,hat its passage 
will release rains a t  d those points where t.ho atmosphere 
may be suffic.ientlp charged with clouds and that. thun- 
derstorms will occur atm all pnint.s, less numerous now, 
where t.ho clouds shall have sufficiently lofty summits. 
But, since one does not know wliet.lier the depression is 
moving or not, one will not be able to say precisely the 
hour when tho wind squalls will rlewJop at  t,his or that 
ststion. Neverthelcss one may estimate, from the mean 
speed (30 km. per hour) of displacement of depressions, 

uplwr cirrus--will rvnin.jii iiicrt during ninny 5 lours and 

until t.he prwisc niCinwnt8 M- 1 icn tlic descciiding sheet of 

sioii of which it. ? urms tin int,rgrd part. With this degree 

P P 

-. 

Coni are, nmong others. 11’. J .  Rumplircvs: Unusual display 01 false cimrs. Bull., 
Mount feather Observatory. IWB, v. 0 ,  pt.3, p. 133-6.4. A., Jr. 
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an ap roximation t.0 the probable time ;hen the squab, 
with t % eir probable cort.2g.e of rains and thunderstorms, 
will ap ear over the continent, as well as the times of 
transit F or more easterly points. 

The situation is dtoget,her differtmt if the effective 
presence of a s u d l  zoiio on terra firnis is reported tele- 
graphically to t 7 ie Bureou Cent.rd, which from that nio- 
nieirt on woulcl be &le t,o kcep in touch with its passage 
over dl the points smccssively swe it. 1))- the wind of the 

burettu to recognize t,h? oricnt:~tion rind speed of displace- 
ment of t,he squ:~U zoiio (just :IS the r:iilways Loop t r n d  
of t.he progress of n train), sncl it  would bc! :hie to ntlrlse 
poiiits farther eicst of tiit! csact time, to within 15 nip-  
ut,es, of t.hr p t s s x p  of t h  squ:tll nnd sonw hours in 
advance. The regims tlins wmietl coiild t~licn jndge, 
from the local state of t h  :it.nic-~spliert. nbove tllrni, 
wlietlier they wwe nicrely t.lire:itcmed \vi tli a tempestuous 
wind or d s o  with d(>w-~ipo~irs :uid t,liundoiut,oriiis ;bt the 
hour iiiclicatecl hy tho Bmanu Contrd. 

s q u d .  TRO or t,lirec liours \\-oulc t t.lion suffir:c? for t,he 

F I G .  2.--6lircesal~epoJilio113 of flip “sqii:i!! fruii! ’’ or .I UC. 2i -S .  19aq. and the districts 
v!sited : ~ y  Ilie tJ~u:iiler:toriii I imlimied Iny sli]&j. 

tTnfortun;it.t?ly there is not.hing “e  hcnierd” ahnut the 
squall zoiie. I t  often eniluros for 24 T; ioiirsl wmet.imcs lor 
48 hours or mort? [see fig. 21, a d  t ra \ds  from the At,li!~it,i~ 
t.o Siheria. Its s y +  F-aries with that, of t,lie. dqwessioii, 
an iiitcgrnl ynrt I:) wIi.ii:.h it, is, hut. whcn i t  lias ~ n c e  ent.ererl 
tlie coiithieiit .fr(~iii t.hc Atlxntk: t,licre is not.liing easier 
than to Icitrii t.chg~il;>!iic:all~ thc slight rarietions in its 
speed m d  to nllom for 11tem in the warnings. I t  would 
suffice were the Bureau Ceiitml autliorized t,o receive 
ratis each nionth cnd n t  any hour of the dn,y sererd 

Eundrcd nddit.icmal t.olygruphio rcprt,s. BY this inems 
it could organize a service of fo recds  tiint would not, be 
vague ciiicl cont.iiigont, in clisract,cr, hut, titiit,c prcciselr t.lie 
p?ssttge at t.liis or that hour :it each point, of -a t.caipest.uous 
nmcl t~lirentoniiig ii thuntlerst.orni and-dint. is niore 
iniportnnt.--s l i d  fall at the snnie t.imo. This very simple 
spsteiii of \\Yi\rliiiigs, which I hnvc! urgcxl siiil.:e is in 
courso of being o r g m i z d  beyond our hordc!is. If m fail 
to t.&e t,he necessary measures it will ngain conic bo pass 
that a French tliseovery will Iias-o found it,s pmcticd 
upplicat.ion abroad before heiiig taken up in France. No 
doubt the inain thing is t.hat it  be initisted somewhere, 
because tlie resu1t.s i t  will give will then overcome opposi- 
tion everywhere ; but-. 
3. Gwibbert says (C, p. 55s):  
In general the ehowers, rains of short duration, often aLiindsnt and 

sometimes torrential, are due t.o the passil e of n cirro-ninibus. There- 
fore one should aniioiinlie thunderstorm &owera. not showers. 

aIn this REVIEK June lh!% 26: 356 Prof. Abbe sugbfstd that all talephone.and 
tele:raph stations hhin’bO in;les and bn the XU‘. ,awl S\\-. of cities like .\ew 1 ork 
Phila.~elphis. be orvanired into a sgsmm for reporting thunderstorms to thure cities: 
In 1x3; hehad  prepared a pralimiuary map jthI‘S REVFEW April IbVY 27 : 15;) of such 
stations within 100 miles of C’ashington and had found &at anv’thuxhentorrn 5 miles 
In diameter would alwaysslip throu~!h &noticed from the XIS: and rarely be detocted 
from the W N Sir‘ or S. To catch a11 tornadoes the stations wuuld have to Le not 
more than s”miS (2 i&.) apart.. He has reyearedly advocated such B system as U. DU- 
rend-Gr9vllle descrlbes.-c. A., jr. 

D.urand-GrhiZZe.-All lofty cumulus is necessarily made 
up of a lower portion whose droplets are above 0’ C., of a 
iiiiddle portion where the droplets are in an undercooled 
state, iind of a superior portion where tl?ey have become 
ice particles. The niushroom cumulo-nmnibus is nothing 
more t.lian a great cumulus whose superior portion has 
been fortuit.ously converted by a very strong tlscensional 
current iiit,o a cap of cirrus se )mated from the body of 

locrically riinngh , cnlls H cirro-nimbus and which he coii- 
s i h r s  to bo made up wholly of snow crystals.) When the 
violent dt?scending wind of R squall zone encounters 8 
cuiiiulo-nimbus of t-liis character it demolishes the stable 
structure. the ice crystnls meet tlie undercooled drops, and 
13-y incorporcitiug tile latter form t,he nidinie,ntar hail- 
st,ones, which cont.iiiue t.o grow during their faill t L ough 
the unc-lercooled drops. ‘rliere follows a fall of hail 
imless t.lie hailstones are meltcd by trhe warm air they 
fall through, in which case the only result is a fall of rain. 
Electricity has nothing to do with the production of 
either the hail or the rain falls. We often have showers 
without .z thunrlerstonn. But, as pointed out in section 
1 (p. 559), siiice the esistence of a lofty cumulus, together 
with the passage of B squall zoiie, are the double condi- 
tion requisite for the procluct.ion of n thunderstorm, 
therefore it. follows that the shower and the thunderstorm 
are often concomitaant.s, tlioiigli neit.lier is the cause or 
the effect of the other, a circumstmce that has created 
the existing confusion of ideas. 

4. Gzii1bei.t says (D, p. 559): 
There i. no occmion to int.roduce here hypothetical phenomena 

which, moreover, do not demonetrate anything: sixh as the rapid 
descent of a sheet of air to the groiind, or tlie precipitation of cirrus 
upon eabiacent camulus. 

Drrra ,zd-C~~~z?ilZe.-The very iimrow squall zone, rarely 
wider thnn IO to 50 km., is throughout its length t,he seat 
of astrr:i.orclinnrily violent, oft,eii tmipestuous winds blow- 
ing from directions a..c-ern.ging between W. and NW. 
Throughout its length the xoiic is bordered on either 
hnnrl by wcak or very w n k  \i-inds, uwally from the SW. 
It is logicn,lly impossihlr? to ailniit, that along x stretch of 
1,000, 2,000, or even more kiloinetms, the weak or very 
wed< siir€nce wind .)rc!v:xiliiig Iwhiiicl t.lie squall zone is 

within t,he zone ; and, ccmversely, thn t tlie violent surface 
wind of the squnll should feed imglit hut a weak surface 
wind 111- x c:tIiii in front,, pn.rtic.ul:irly iii view of the fact 
that. this weak surface mind lins the opposite direction, as 
sonict.inirs ha >pens. I t  is, t.lierrfor~, >ibuolutely necessary 

of cihlique y desc.eiidiiig air, and that these air masses 
:iftrr linving swept the groutid t.lirougli thc brexdtrh ol 
the zone, should reiiiouiit obliquely from that zone 
t.on-a.rd the up >er regions of t.he depression. That excel- 
lent ohserx-er, hluma~-tdon [of Cleriiiont-Fcrrand, France], 
wliile not, seeking to est,ablisli tlie cause of the phenome- 
non, or nt least not. suspecting it, pointed out over 20 
rears ago that t.he ckrus-topped, niuslirooni cumulus 
[musiirooni cumulo-iiiiubus] does not begin to produce 

to disintegrate.” In this well-established, observed “ beP act 
hail unt,il tlie precise nioment when its summit 

we have tlie ulicsceptioiiable proof that the broad sheet 
of the squall wind descends from dtitudes at  least as lofty 
ns those of t.he highest cuiuulo-iiiiiibus, i. e., that it is fed 
~JJ- port.ion of the vnriously sloping upper layer of air 
masses ascending n t  the center of the depression. We 
simply set- these considerations over against M. Guilbert’s 

the. cuiiiduus.’ (This is the c II oud which M. Guilbert, 

: M e  t.o feed t,he vio \ ent, even tempestuous surface wind 

t.liat, t.he s y a  1 1. wind should be fed frorii its rear by masses 




